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Abstract
ThemotionofathinfilmwithanobstacleistreatednumericallyLItisassumed
thatthefilmstopswhenittouchestheobstacle,ｉ・巳，thatthereflectionrateiszero・
Inthissituation,awaveoperatorofdegeneratetypeappearS・ＴｈｅdiscreteMorse
flowofhyperbolictypeisappliedtoconstructanapproximajtesolution，ａｎｄｉｔｉｓ
ｓｈｏｗｎｔｈａｔｔｈｉｓｍｅｔｈｏｄｇｉｖｅsreasonablenumericalresults．
要旨
Ｉｎｔｈｉｓｐａｐｅｒｗｅｔｒｅａｔａｎｏｂｓｔａｃｌｅｐｒoblemrelatedtoadegeneratehyperbolicequation・
Thephysicalmodelisstronglyrelatedtoanexperimentofaballbouncingbackfroma
boardHereWeconsideroneofthesimplestphysicalmodelsfbrphenOmenaofthiskind）
namely,thevibrationofarubberfilmneara、obstacle・
ＷｅｄｅｓｃｒｉｂｅｔｈｅｓｈａｐｅｏｆｔｈｅｒｕｂｂｅｒｆilmbythegraphofascalarfUnctionｕ：Ｑ×
[0,。｡)一Ｒ,whereQisadomaininRnTheobstacleisaplanefixedatthezerolevel
setｏｆｕＷｅａｌｓｏａｓｓｕｍｅｔｈａｔｔｈｅｒｕｂｂｅｒｈｉtstheobstaclewithzeroreflectionconstant・
Thecaseofanon-zeroreflectionconstantistreatedin[?lHoweverthemethodof[?]is
essentiallydifIerentfromourown
Themathematicalproblemreads:Findftlnctionu：Ｑ×[0,｡｡)→Ｒｓ帥isfjlingthe
fbllowingdegeneratehyperbolicequation：
’ ＝△ｕ１－ｕｏ(z)，＝UoCI，)，Ｘ皿>outt＋αｕｔｕ(z,o）Ｍｚ,0）
undersuitableboundaryconditions・Here，aisanonnegativeconstantandXEisｔｈｅ$+
CharacteristicfnnctionofthesetE．
ThediscreteMorseflowofhyperbolictypeisappliedtoconstructanapproximate
solution・Ｆｏｒα＞０ａｎｄ?γz三２，weintroducethefbllowingfmctionals：￣
－２４－
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;人剛遜，
ﾉ(;､帆川…刈朏加景芸…'２伽
十．ﾉ(;些宗J2`麺+Ｊ(趣〕
Ｊ(u）
JMu）
WewilldetermineaseqUence{um｝ｉｎ/C＝{ｕｅＨ１(､;Ｒ);ｕ＝ｕｏｏｎａＱ}inductively：
fbrgivenTLoEにａｎｄｕ，＝TLC＋ｈｕｏｄＣａｎｄｆｂｒｍ＝２，３，…findClmastheminimizerof
Jh,inにThenseMm-max(Zim,0)．
ＦｏｒnumericaJIexperiments1weapplyafiniteelementmethodwithaminimizingalgo-
rithmontheapproximateminimizingfunctionaLWeusetheGradientmethodtosearch
fOrminimizersandthefbllowingstepsdescribetheminimizingalgorithm：
1．ＧｉｖｅｕｏＥ/Ｃａｎｄｕ，＝ｕｏ＋ｈｕｏＥ/Ｃ
2．Ｆｏｒ、－２，３，…’１V，determineun十，ａｓｆＯｌｌｏｗｓ
（a）Ｕ'＝ｕ、
（b）ＦＯＭＣ＝1,2,…repeatthefbllowingsteps：
ｉ・Computethesearchdirectionbaseonthelocalgradient:p魔＝－▽州(Ｕ胸）
ｉｉ、Findaminimizer誹十’alongtheline誹十TpA・
ｉｉＭ州＝max{誹十1,0｝
（c）TestwhetherthevaluesofJh(０k)andJh(0胸十')aresufIicientlyclose
Asanexampleofexperimentalresults,FigurelshowsthebehaviorofuCM)andthe
shapeofthefreeboundaryfOrthefbllowingproblem：
Ｘｕ＞Outｔ＝ｕ…）
u(〃,O)＝０．５，ｕｔ(",O)＝－００１必(１－z)，
u(0,t)二m(0,0)＝０５，m(1,t)＝ｕ(1,0)＝０５．
Thismodelcorrespondstothephysicalmotionofarubberstringthathitsahardsurface・
Notethatwhenthestringisgoingup，thefreeboundaryconditionissatisfied
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Figurel:ArubberstringhittingahardsurfaＣｅ（a)showsthestringmotion,(b)shows
theshapeofthefreeboundary．
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